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APPARATUS FOR DESULFURIZATION OF 
IRON UTILIZING TWO SPACED APART 

LANCES 

TECHNICAL FIELD 

The present invention relates to an apparatus for desulfu 
riZation of molten iron, and more particularly to an apparatus 
Where tWo separate spaced apart lances may be used at the 
same time to decrease the throughput time of a desulfuriZa 
tion station. 

BACKGROUND OF THE INVENTION 

It is common When making steel to take molten iron from 
a blast furnace, subject it to desulfuriZation, introduce it into 
a basic oxygen furnace to remove carbon, and to then 
continuously cast the resultant liquid product. As a practical 
matter, it is desired to complete the desulfuriZation process 
Without undue delay, in order not to interrupt doWnstream 
processing. If there is an interruption in How of materials 
and the ribbon of continuous cast material becomes broken, 
it costs $100,000 or more to restart the ribbon. Therefore, it 
is essential that the desulfuriZation of the iron from the blast 
furnace continue Without signi?cant interruption. 

In a single lance, single conduit prior art design of the type 
previously commercialiZed by ESM II and others, tWo feed 
vessels are commonly utiliZed, one for magnesium reagent 
poWder mixtures (typically poWdered in the range of 0.2 to 
1.0 millimeters diameter) and one for a pulveriZed reagent, 
Which may be lime, carbide, or other mixture of products, 
(typically pulveriZed to about 75 micron diameter), the 
pulveriZed reagent being used to transport the magnesium 
reagent. (While tWo vessels are commonly used, in some 
situations there may be a single vessel, or more than tWo 
vessels.) Each of the vessels is pressuriZed. At the bottom of 
each of the tWo vessels is an ori?ce. The ori?ce may be a 
variable valve of the type disclosed in US. Pat. No. 5,108, 
075, or it may be ?xed. If ?xed, ?oW rates may be varied by 
varying the pressure in the vessel, or by changing the ori?ce. 
When ?xed ori?ces are employed, it is also necessary to 
employ a gate valve or the equivalent. 

Initially, an inert gas under pressure, Which is typically 
referred to as transport gas, Will be introduced into a tube 
beloW the ori?ce in the pulveriZed reagent vessel to initiate 
How of the pulveriZed reagent. The transport gas Will 
initially ?oW from a location beloW the ori?ce of the 
pulveriZed reagent vessel to a location beloW the ori?ce of 
the magnesium reagent vessel, so the pulveriZed reagent can 
pick up the magnesium reagent, and transport it to a lance. 
Once How has been established, further use of transport gas 
is minimiZed in the transport system. Typically, the pulver 
iZed reagent and magnesium reagent poWder mixture Will be 
mixed in a 3:1 ratio, i.e., 75 lbs. of pulveriZed reagent per 
minute to 25 lbs. of magnesium reagent per minute, although 
other ratios may be employed. This mixed product Will be 
introduced into a ladle Which may vary in siZe to hold 
approximately 100—300 metric tons of iron. This mixed 
product is introduced into the bottom of the ladle via a lance 
into a “reaction Zone” Where the magnesium reagent reacts 
With sulfur Within the molten iron to drive off the sulfur. The 
lance includes a monolithic refractory element formed typi 
cally about a 3“diameter round or square section structural 
tube Which in turn receives a 1/2", 3A1", or 1“ pipe, the 
magnesium reagent and pulveriZed reagent ?oWing through 
the pipe Within the structural tube. 

In the single lance, single conduit operation just 
described, there is a maximum rate at Which the magnesium 
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2 
reagent can be introduced into the single reaction Zone. This 
is because magnesium has a high vapor pressure. If intro 
duced too fast there may be undesirable splashing and 
turbulence resulting in loss of iron, and the ef?ciency of the 
reagent is reduced. Therefore, in certain situations, When 
there is a high initial sulfur content in the molten iron to be 
processed (for example 0.10% sulfur, With a desired comple 
tion percentage of 0.005% sulfur), there may be an unde 
sirable length of time betWeen the start and completion of 
the desulfuriZation. 

In a prior design, tWo reaction Zones are achieved by 
providing a lance With a single conduit Which terminates at 
its loWer end in a T-?tting. While the reagent Will be 
discharged into tWo separate reaction Zones, to either side of 
the lance, problems have been encountered. Thus, one of the 
T’s in this type of lance is more likely to become plugged 
than a single conduit, single discharge lance. When one of 
the T’s becomes plugged, there is only a single desulfuriZa 
tion Zones to the side of the lance. 

In order to overcome the problems of the single lance, 
single conduit design, it has been proposed in US. Pat. No. 
5,188,661 to use a single lance provided With tWo conduits 
for the introduction of the desulfuriZation material. In this 
single lance, dual conduit design, as can be seen from the 
draWings of US. Pat. No. 5,188,661, each of tWo steel 
conduits 16 are disposed Within a ceramic body 28 and 
terminates at a port 24, there being an angled extension 
formed by an elboW ?tting 30. While this single lance dual 
conduit design provides tWo reaction Zones, permitting the 
magnesium reagent to be introduced at a faster rate than With 
a single lance, it shares a problem With the single lance, 
single conduit design. Thus, in the event a conduit becomes 
plugged, the lance must be retracted from the molten iron in 
the ladle, stopping the desulfuriZation until a neW lance can 
be introduced. While plugging occurs less often than in the 
T-?tting design, as the pressure in each line tends to keep the 
discharge port from plugging, plugging still happens. In 
addition, as the tWo reaction Zones are closely spaced 
together, there may not be suf?cient agitation of all of the 
iron Within the ladle, causing some of the iron not to be fully 
desulfuriZed. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is an object of the present invention to provide an 
apparatus capable of desulfuriZing molten iron Without 
signi?cant interruption. 
More particularly, it is an object of the present invention 

to provide a desulfuriZation apparatus Which employs ?rst 
and second separate independently movable spaced apart 
lances, each lance having a single conduit through Which the 
desulfuriZation materials may ?oW from the feed vessels 
into the molten iron in a ladle. First and second indepen 
dently operable raising and loWering means are provided, 
the ?rst raising and loWering means being connected to the 
?rst lance, and the second raising and loWering means being 
connected to the second lance. Each of the ?rst and second 
raising and loWering means is capable of moving the asso 
ciated lance from betWeen a raised position Where the loWer 
end of the associated lance is spaced above the surface of the 
molten iron in the ladle and a loWered position Where the 
loWer end of the associated lance is spaced Within the ladle 
at a proper location for desulfuriZation of the molten iron. 
The ?rst and second raising and loWering means are spaced 
apart suf?ciently so the reaction Zones do not overlap even 
at maximum ?oW rate of desulfuriZation materials. 
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It is a further object of the present invention to provide a 
desulfuriZation apparatus of the type set forth above Wherein 
?rst and second feed vessels are provided. The ?rst feed 
vessel is normally interconnected With the ?rst lance, and the 
second feed vessel is normally interconnected With the 
second lance. In addition, crossover means are provided to 
permit the ?rst vessel to be interconnected With the second 
lance and the second vessel to be interconnected With the 
?rst lance. 

The foregoing objects of this invention, as Well as other 
objects and advantages of this invention, Will be more fully 
appreciated after a consideration of the folloWing detailed 
description taken in conjunctions With the accompanying 
draWings in Which a preferred form of this invention is 
illustrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW of the apparatus of this 
invention. 

FIGS. 2 and 3 are enlarged vieWs of portions of the 
apparatus shoWn in FIG. 1. 

FIG. 4 is a side elevational vieW of a lance Which may be 
used in the present apparatus. 

FIG. 5 is an isometric vieW of the lance shoWn in FIG. 4. 

DETAILED DESCRIPTION 

With reference initially to FIG. 1, separate ?rst and 
second lances, indicated generally at 10 and 12, respectively, 
are provided for the desulfuriZation of molten iron 14 
contained Within a ladle 16 or the like. In the embodiment 
shoWn in the draWings, the ladle is approximately 10 ft. in 
diameter and 12 ft. deep, Which ladle can hold approxi 
mately 200 metric tons of molten iron. HoWever the present 
invention may be used With other ladle siZes. Each of the 
?rst and second lances is substantially identical and consists 
of a monolithic refractory element 18 (FIG. 5) Which may 
initially be 12.5 ft. long from top to bottom and may be 8 
inches in diameter. The monolithic refractory element is 
formed about a 3“diameter structural tube 20, Which may be 
square or round in cross section, the structural tube extend 
ing through all but the last 3 in. of the monolithic refractory 
element 18, and extending above the monolithic refractory 
element by about 10 ft. A conduit in the form of a 1/2", 3A1", 
or 1“ id. pipe 22 extends throughout the length of the 
monolithic refractory element 18 and structural tube 20 and 
projects above the tube 20 a distance sufficient to connect it 
to a reagent line. The structural tube 20 is secured to a lance 
raising and loWering mechanism. To this end a steel plate 24 
is secured to the tube by Welding or the like. The steel plate 
24 is in turn provided With apertures 26 through Which 
suitable fasteners, such as bolts, may be passed to secure the 
structural tube to the raising and loWering means. 

In accordance With this invention, the ?rst lance 10 is 
connected to a ?rst raising and loWering means 28 and the 
second lance is connected to a second raising and loWering 
means 30. Each of the ?rst and second raising and loWering 
means is of essentially the same construction and as illus 
trated includes a motor gearbox With a chain drive arrange 
ment. Alternatively, it may include a hydraulic cylinder 
assembly. In either case, the raising and loWering means 
moves vertically, and Will move a lance drive head 32 in the 
form of a receiving clamp or plate 32 vertically, the plate 24 
being secured to the lance drive head 32. The lance drive 
head 32 Will be moved upWardly and doWnWardly by the 
raising and loWering means in such a manner that the lower 
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4 
end of the associated lance is spaced above the molten iron 
Within the ladle When in the fully raised position, and the 
loWer end of the associated lance is spaced Within the ladle 
at a proper location for desulfuriZation of the molten iron 
When in the loWered position. Typically, this position may be 
about 18 in. above the bottom of the ladle. 

It should be appreciated that during the desulfuriZation of 
molten iron it Will occasionally be necessary to replace one 
lance With another. In order to facilitate the replacement of 
a lance, each lance is provided With an inverted U-shaped 
structure or loop 34 (FIG. 5) Which is Welded or otherWise 
suitably secured to the upper end of the structural tube 20, 
the inverted U-shaped structure extending above the pipe 22 
a distance suf?cient so that it may receive a hook (not 
shoWn) carried by a cable hoist 36 on jib crane 38. To replace 
a lance it is ?rst raised to a position above the molten iron, 
the hook is placed in the loop 34, the plate 24 is disconnected 
from the lance drive head 32, and then the cable hoist 36 and 
jib crane 38 are suitably operated in a manner Well knoWn 
to those skilled in the art. By utiliZing tWo separate lances, 
each With its oWn conduit, suitable servicing of removed 
lances may be accomplished. 

For example, if one of the lances becomes plugged to such 
an extent that it is no longer operable, it may be removed and 
replaced With a neW (or repaired) lance. Thus, by using tWo 
separately mounted lances, each With its oWn conduit, 
service of the lances can be performed permitting continu 
ous operation of the desulfuriZation process. (The lances of 
the present design may be repaired. Thus, if the lance 
becomes plugged, the top of the pipe 22 is built up by adding 
a coupling and another length of pipe, the pipe is then driven 
doWn through the refractory element 18 until the plugged 
portion of the pipe extends beloW the refractory element 18, 
and the plugged portion is then cut off.) 
As is conventional, each of the ?rst and second lances is 

connected to suitable feed vessels. Thus, the ?rst lance 10 is 
typically connected to ?rst pressuriZed feed vessels 40 and 
42, and the second lance 12 is typically connected to second 
pressuriZed feed vessels 44 and 46. For the purposes of this 
disclosure, each of the vessels Will be considered to be the 
same. Thus, each vessel is provided With an inlet 48 for 
receiving suitable materials, and an outlet 50 through Which 
the suitable materials are discharged. Avariable ori?ce valve 
52 for controlling material ?oW rates and a cut-off valve 54 
are mounted in a discharge line beloW the outlet 50 of each 
vessel. The ?rst feed vessel 40 and second feed vessel 44 
receive a pulveriZed reagent mixture and the ?rst feed vessel 
42 and second feed vessel 46 receive magnesium reagent 
poWder mixture. It can be seen that the magnesium reagent 
poWder mixture and the pulveriZed reagent mixture Will ?oW 
from the ?rst vessels 40, 42 into ?rst line means 56. FloW 
through the line 56 Will be facilitated by the introduction of 
an inert transport gas from a source of transport gas under 
pressure 58 in a manner Well knoWn to those skilled in the 
art. FloW from each of the vessels to the line 56 is controlled 
via the variable ori?ce valves 52 When the shut-off valve 54 
is open. Similarly, the magnesium reagent poWder mixture 
and the pulveriZed reagent Will ?oW from the ?rst vessels 44, 
46 into second line means 60 in a similar manner, the rate of 
How also being controlled by a variable ori?ce valve. As can 
be seen from FIG. 1, line 56 is connected With the ?rst lance 
10 and line 60 is connected With the second lance 12. 

It is a feature of this invention that the ?rst and second line 
means 56 and 60 can be alternatively connected With the ?rst 
and second lances 10 and 12 via the employment of suitable 
crossover means. Thus, it may happen that the ?rst lance has 
been removed from service and one of the vessels for the 
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second lance is either out of materials, or is not functioning 
in a proper manner. In order to maintain operations, it is 
desirable that second lance may continue to discharge des 
ulfuriZation materials into the molten iron. This may be 
accomplished by providing a cross-over netWork Which, 
according to this invention consisted of third line means 62 
extending from the ?rst line mans 56 to the second line 
means 60, and fourth line means 64 extending from the 
second line means 60 to the ?rst line means 56. In order to 
properly control the How during a cross-over operation, each 
of the line means 56, 60, 62, 64 is provided With a suitable 
shut-off or gate valves 66, 68, 69, 70, 72, gate valve 66 being 
in the ?rst line means 56, gate valves 68 and 69 being in the 
second line means 60, gate valve 70 being in the third line 
means 62, and gate valve 72 being in the fourth line means 
64. During normal operation, When both lances are being 
used, gate valves 66, 68 and 69 Will be open and gate valves 
70 and 72 Will be closed. If only lance 10 is being used, With 
supply from vessels 40 and 42, only gate valve 66 Will be 
open, the other gate valves 68 —72 being closed. 
Alternatively, if lance 10 is being used With supply from 
vessels 44 and 46, gate valve 68 and 72 Will be open, With 
the remaining gate valves being closed. 

It can be seen from the above description that many of the 
prior art problems have been overcome by the present 
design. Thus, the tWo separate lances may be suitable spaced 
apart so that the reaction Zones are also suitably spaced apart 
Within the molten iron, permitting increased ?oW rates and 
material efficiency over that When tWo conduits are placed in 
a single lance. 

Suitable control means are provided for the proper opera 
tion of the present apparatus. Thus, a single operator may 
control the process of desulfuriZation materials to the lances 
via a control screen 74 (FIG. 1) Which is suitably intercon 
nected With the various control components set forth above, 
along With additional conventional measuring devices (not 
illustrated) Which are used to determine material Weight and 
How rates. As the operator Will knoW the initial sulfur 
content of the molten iron as Well as the desired sulfur 
content of the molten iron after desulfuriZation, he can 
determine Whether one or tWo lances should be used, and he 
can also determine the How rate or rates through the lances 
to achieve the desired end product. In addition, the operator 
can vary the How rates as desired to ef?ciently achieve the 
How of plant production. 

While a preferred form of this invention has been 
described above and shoWn in the accompanying draWings, 
it should be understood that applicant does not intend to be 
limited to the particular details described above and illus 
trated in the accompanying draWings. Thus, it is the desire 
of the inventors of the present invention that it be clearly 
understood that the embodiments of the invention, While 
preferred, can be readily changed and altered by one skilled 
in the art and that these embodiments are not to be limiting 
or constraining on the form or bene?ts of the invention. 
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What is claimed is: 
1. DesulfuriZation apparatus for treating molten iron com 

prising: 
a ladle Which receives the molten iron to be treated; 
feed vessels for the materials to be introduced into the 

molten iron for desulfuriZation, the materials including 
a magnesium reagent poWder mixture; 

?rst and second lances, each lance having a single conduit 
through Which the desulfuriZation materials may ?oW 
from the feed vessels into the molten iron in the ladle, 
the desulfuriZation materials creating a reaction Zone 
When introduced into the molten iron; and 

?rst and second independently operable raising and loW 
ering means capable of moving the ?rst and second 
lances into and out of the ladle, the ?rst raising and 
loWering means being connected to the ?rst lance, and 
the second raising and loWering means being connected 
to the second lance, each of the ?rst and second raising 
and loWering being capable of moving the associated 
lance from betWeen a raised position Where the loWer 
end of the associated lance is spaced above the surface 
of the molten iron in the ladle and a loWered position 
Where the loWer end of the associated lance is spaced 
Within the ladle at a proper location for desulfuriZation 
of the molten iron, the ?rst and second raising and 
loWering means being spaced apart suf?ciently so the 
reaction Zones do not overlap even at maximum ?oW 
rate of desulfuriZation materials. 

2. The desulfuriZation apparatus as set forth in claim 1 
Wherein the raising means is a hydraulic cylinder assembly. 

3. The desulfuriZation apparatus as set forth in claim 1 
Wherein the raising and loWering means is a motor gearbox 
With chain drive arrangement. 

4. The desulfuriZation apparatus as set forth in claim 1 
Wherein there are ?rst and second feed vessels for the 
magnesium reagent mixture, the ?rst feed vessel being 
normally interconnected With the ?rst lance through ?rst line 
means, and the second feed vessel being normally intercon 
nected With the second lance through second line means. 

5. The desulfuriZation apparatus as set forth in claim 4 
Wherein control means are provided for independently con 
trolling the ?oW rates from the ?rst and second vessels. 

6. The desulfuriZation apparatus as set forth in claim 4 
Wherein each of the ?rst and second feed vessels is a 
pressuriZed feed vessel for magnesium reagent poWder 
mixtures. 

7. The desulfuriZation apparatus as set forth in claim 4 
Wherein third and fourth line means are provided Which 
extend betWeen the ?rst and second lines, each of the ?rst, 
second, third and fourth lines being provided With shutoff 
valve means and Wherein further control means are provided 
for operating the valve means in such a manner that the 
output from the ?rst feed vessels can be sent to the second 
lance or alternatively the output from the second feed 
vessels can be sent to the ?rst lance. 


